attributed to multiple factors such as the lowering of the lattice thermal conductivity below the values of the homogeneous pseudobinary PbSe x Te 1-x alloys, due to the enormous number density of interfaces between dissimilar materials considering the presence of many PbSe 0.98 Te 0.02 QD's embedded in a PbTe matrix, superimposed on a 2-dimensional superlattice/wetting layer structure. Also, excess Te relative to the stoichiometric composition (S3), appears to result in a more favorable carrier scattering mechanism which also enhances the Seebeck coefficient. The Pb-chalcogenides are not line compounds (S4) so that slight excesses of Pb/Sn or chalcogenide occur even at the relatively low growth temperatures used in MBE. A slight Te excess makes the material chalcogenide-rich.
Since MBE is a non-equilibrium growth method, excess chalcogenide beyond the solid solubility limit can be incorporated in the growing material. Even at the growth temperature of 593-603 K, PbTe and PbSe have some solid solubility (S4). At significantly higher growth temperatures than 593-603 K, most of the excess Te is re-evaporated and power factors, i.e. S 2 /ρ, are reduced. At significantly lower growth temperatures than 593-603 K, the carrier mobility is adversely effected and an enhanced power factor is not observed. A Pb-chalcogenide flux ratio of approximately 7 is used, rather than the standard flux ratio of 10. We have found that the lower flux ratio yields an enhanced power factor effect for the 593-603 K growth temperatures. Excess Te makes the growing surface chalcogenide-rich which allows the Bi atoms to incorporate on the Pb/Sn sublattice and act predominantly as donor impurities. The presence of PbSe 0.98 Te 0.02 quantum dots embedded in a PbTe matrix is believed to result in some partial confinement (S5) of electrons in the QD's and increased power factors.
Some Properties of Quaternary Materials
Quaternary PbSnSeTe QDSL structures, having comparable Seebeck coefficient values to the PbSeTe/PbTe QDSL structures have been grown (S1,S2) but the quaternary materials can be designed to have lower energy gaps and reduced lattice thermal conductivities, thus
higher ZT values are anticipated. In order to calculate the desired compositions of the QD Pb 1-x Sn x Se y Te 1-y layers embedded in PbTe matrices grown on BaF 2 (111) substrates by MBE, we used the following relationships (S6) for energy gap, Eg (eV) and lattice constant a o (Å) in terms of x,y, and T, Eg (eV) = 0.18 + 0.00044T -0.05y -0.52x -0.37xy (Eq. S1) and a (Å) = 6.461 -0.3345 y -0.134 x + 0.0175 xy (Eq. S2) where T is the temperature in degrees Kelvin. Figure S1 shows the Eg and lattice constant versus mole fraction SnSe for the QD/wetting layer component (PbSnSeTe) of the QD materials we are growing. Also, the Eg and lattice constant of the PbTe matrix layer component is indicated in Fig. S1 . With Quaternary QDSL materials, we expect to gain three ways as follows: 300 K Eg can be reduced by half, which is believed to be near optimum (S7); the band offsets are increased; and finally the thermal conductivity is expected to be lower. In Table S1 
Some Growth Results
The MBE growth of films of both ternary and quaternary QDSL structures was carried out in an Applied Epi 2-inch Gen II MBE growth chamber. The growth rate was 0.98 µm/hr Some thermoelectric properties of the first quaternary QDSL PbSnSeTe materials are given in Table S1 . The Seebeck coefficient, electrical resistivity, and thermal conductivity (of n-QDSL B in Table 1 (see printed version)) are measured values, whereas the lattice thermal conductivity is calculated using the Weidemann-Franz law to be 3.3 mW/cm-K. Also, we have measured the position of the (444) Bragg reflection of n-Qua A using x-ray diffraction (XRD). We used this XRD result to obtain our independent measurement of the lattice constant of the EHQ alloy as 6.416 Å. The agreement between the two methods is excellent.
The period of the quaternary QDSL samples was calculated from the growth variables and is given in Table S3 . The period was also determined to be 165Å from the XRD (444) satellite peaks for n-Qua A, which is in good agreement with the growth variable method.
The number of periods was 251 and 2258 for growth runs n-Qua A and n-Qua B, respectively. Note that our PbTe matrix or spacer layer and (PbSeTe or PbSeSnTe) dot layer thicknesses are significantly smaller than those used by Kang et al. (S9-S10), for thin films of the PbEuTe(spacer layer)/PbSe(dot layer) self-assembled QDSL system.
Some Factors Needed for High ZT QDSL Materials at 300 K
A lattice constant mismatch in Pb-chalcogenides is necessary to provide the strain required for the Stranski-Krastanov growth mode to occur and quantum dot structures to be formed (S10 It is well known that, in general, binary compounds have higher lattice thermal conductivities than pseudobinary, e.g. PbSeTe, and pseudoternary, e.g. PbSnSeTe alloys.
The work on homogeneous bulk PbSeTe pseudobinary alloys (S11-S12) has established that the lattice thermal conductivity of these alloys at 300 K decreases a factor of 2.0 to 2.5 as x is decreased to 0.5. Recently, evidence was added that the lattice thermal conductivity 
TABLE S3
The approximate composition and period of the mean equivalent quaternary QDSL n-Qua A and n-Qua B samples as determined by the BEP/computer count method, i.e. Eqs. S3 and S4. 
